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CUDA-GDB Debugger E%A

Extended version of GDB with support for CUDA C
® Supported on Linux 32bit / 64bit systems

¢ Seamlessly debug both the host|CPU and device|GPU code
Set breakpoints on any source line or symbol name
Single step executes only one warp i except on __syncthreads()

Access and print all CUDA memory allocations, local, global,
constant and shared vars.
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Y [Current CUDA Thread <<<{0,0),(3[§ __device_func__{float (float a))
d
; Breakpoint 1, acos_main () at a2 float . . ;
Linux GDB {cuda-gdb) s
I I [Current CUDA Thread <<<{0,0),(2 t0 = __cuda_fabsfial;
Integratlon Wlth acos_main () at acos.cu:390 . tZ2 = 1.0f - t0;
{cuda-gdhb) s P[] tZ2 = 0.5F * tZ;
EMACS [Current CUDA Thread <<<(0,0),(3 tZ2 = __cuda_sgrtf(t2);
acos_main () at acos.cu:391 tl = t0 » 0.57F 7 tZ2 : t0;
{cuda-zdb) p threadIdx t1 = __internal_asinf_kernel(tl);
$5 = fx = 0, y =0, z = 0} tl = w0 » 0.57F 7 Z.0F % t1 : CUDRRT_FIOZ_F2
{cuda-zdb) p blockIdx if (__cuda___signbitfial) £
$6 = fx = 0, y = 03 t1 = CUDART_PI_F - t1;
{cuda-gdb) info cuda threads 1
{<<(0,0),(0,0,0135> ... <<<(0,0% ! (__CUDABE__)
<<<(0,01,(32,0,005>> ... <<<(233[4  if (__cuda___isnanfial) £
{cuda-gdb) p blockDim tl = a + a;
37 = ix =128, y = 1, z = 1} k
{cuda-zdb) p threadDim
Mo symbol “"threadDim" in curren? return til;
{cuda-gdb) p gridDim 3
$8 = fx = 240, y = 13
{cuda-gdhb) s __device_func__(float (float a))
[Current CUDA Thread <<<(0,0),(3 d
acos_main () at acos.cu:392 {__MULTI_CORE__]
{cuda-gdh) s return logflal;
[Current CUDA Thread <<<(0,0),(3 {__USE_FAST_MATH__)
acos_main () at Sssalian-locals 2 return __logfial;
(cuda-gdb) s Je __MULTI_CORE__ =/
[Current CUDA Thread <<<(0,0),(3 return __internal_accurate_logflal;
acos_main () at sssalian-locals 2 Ak __MULTI_CORE__ =/
{cuda-gdhb) s 3
[Current CUDA Thread <<<(0,0),(3
| acos_main () at /ssalian-locals?| __device_func__{float (float a))
/ (cuda-zok) B f £

—u ik *=oud-acos_dbo=x Eot L1398 |-1:%% math_functions.h 43% L2194 (C/1 Abbrewv)
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Linux GDB
Integration with
DDD

[m] M - ssalian@172.16.175.110:1022 - ssalian-linux
=R A N =
«{# Applications Places System @ 7]
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W & o wed sep 2, 2:43pPM [J]

i DB/ ssalign=-localfsre/gpgpu/cudafapps/acos_dibgfacos. ol
File Edit View Program Commands Status Source Data Help
= = = - . - - =
O | threadld? O G @ @ o A =
Lookup  Find=  Ereak LWaich Print Displas*  Flot Set Undisp
1; totalThreads| |2 blockDim| |33 threadld:
30720 % = 178 x =0
y=1 y=10
r=1 z=10
-
H
§8 e e FEHETE @D e ess e =

Elobal__ void acos_main (strnct acosParams parms)

int i;
int totalThreads = gridDim.x * blockDim.x;
"@ int ctaStart = blockDim.x * blockIdx.x;
for (i = ctaStart + threadldx.x; i < parms.n;
parms.res[i] = acosf(parms.arg[i]);

i += totalThreads) {

Breakpoint 2 at O0x8073bd0: file acoes.cm, line 390.

[Switching to Thread -12116728906 (LWP 28236)]
[Current QDA Thread <<<(0,0),(0,0,0)=>>]

Breakpoint 1, acos_main () at acos.cun:389
(gdb) step
[Current QDA Thread <<<(0,0),(0,0,0)>>>]

Breakpoint 2, acos_main () at acos.cn:3od
(adb) graph display totalThreads

(adb) graph display blockDim

(gdb) graph display threadIdx

(gdb)

Step | Stepi
Next | Nexti
Until |Finish
Cont | Kill
Up Down
Undo | Redo
Edit Make

Interrupt

A Display 3: threadIdx (enabled, scope acos_main, address 0xFEEFFffa)

|E| | B Terminal || == ssalian - File Browser

|[ == i686_Linux_debug - F... || & DDD: aces.cu




CUDA-MemCheck rszom

Detects/tracks memory errors

Out of bounds accesses

Misaligned accesses (types must be aligned on their size)
Linux and WinXP (included with CUDA Toolkit)

Integrated into CUDA-GDB on Linux

Also standalone command-line tool on Linux and Windows

[ichase@dhcp - i 1 debug]$% cuda-memcheck ./ptrchecktest
= CUDA-MEMCHECK

* Win7 and Vista support
coming

ied Launch failure : 125
Invalid read of size 4
afe in kernel2 ({(/Ssrc/gpgpuscudamemchecks/tests/ptrchecktest.cu:227
d 5 inm block 3
181815 is misaligned

Invalid read of size 4
at x00B000BFfE in kernell (/src/gpgpu/cudamemcheck/tests/ptrchecktest.cuw:18)
3 imn block 5
: s out of bounds




CUDA Driver i Command-line Profiling

1. Set environment variables
u export CUDA_PROFILE=1
u export CUDA_PROFILE_CSV=1
u export CUDA_PROFILE_CONFIG=config.txt
u export CUDA_PROFILE_LOG=profile.csv

2. Set configuration file

<3

nvibDIA

FILE "config.txt": FILE "profile.csv":
gpustarttimestamp # CUDA_PROFILE_LOG_VERSION 1.5
instructions # CUDA DEVICE 0 GeForce 8800 GT

# CUDA_PROFILE_CSV 1
# TIMESTAMPFACTOR fa292bblea2c12c

; : gpustarttimestamp,method,gputime,cputime,occupancy,instructions
S. R.L.J =0 | I cation 115f4eaal0e3b220,memcpyHtoD,7.328,12.000
u matrixMul 115f4eaal0e5dac0,memcpyHtoD,5.664,4.000
115f4eaal0e95ce0,memcpyHtoD,7.328,6.000
4. View D rofiler out D ut é;5f4eaa10f2ea60,_210dmatrixmulPfiiS_iiS_,19.296,40.000,0.333,43

115f4eaal0f443a0,memcpyDtoH,7.776,36.000




CUDA Visual Profiler

* Performance analysis for
CUDA apps

* Linux,Windows,Mac

* Execute app and collect
profiling data

* Hardware performance
counters

* Profile all kernels and memory
xfers

* Profiling data analysis
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CUDA Visual Profiler 7 kernel data <3

nVIDIA

GPLI Timestan
GPU Timestarmp Method GPU Time  CPUTime | Occupancy  smockalaunched | branch | divergent branch instructions

scan_besk 100
scan_hest
scan_hesk
scan_best
scan_besk
scan_besk
scan_besk
scan_best
scan_best
scan_hest
scan_hesk
50549 scan_besk
50742 scan_besk

scan_besk

Method #Cals  grid size ¥ blo

scan_besk 100

100

3 | scan_workefFicient | 100




CUDA Visual Profiler T computed kernel data >

NVIDIA

Instruction throughput
(achieved instruction rate) / (peak single-issue instruction rate)

* Global memory read throughput (GB/s)
Global memory write throughput (GB/s)
* Overall global memory access throughput (GB/s)
* Global memory load efficiency
* Global memory store efficiency

Method Calls e{=1] s.GPU Hine glob mem read throughput | glob mem write throughput | glob mem owverall throughput

Usec (GE)s) (GE/s) (GE/s)

gld efficiency  gst efficiency | instruction throughput

a0 13313 43,36 6. 72439 3.87741 0.113564 0.186797 0877317

100 | 5836.6 28,78 0.04186 0.64186 11.6837 0.83725

3 | scan_workefficient | 100 | 8530,94 2773 12,1023 12,1023 24,2047 0.613466
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CUDA Visual Profiler i memory transfer data &

NVIDIA

Memory transfer type and
d | reCtion ™ gigenvalues - CUDA Visual Profiler - [matrix_s... g

] oy File  Session  Wiew Qptions  Window  Help - | & M
(D=Device, H=Host, A=cuArray) | S ——(p—
M = 1M =
e.g. Hto D: Host to Device ['] | E%j — 2= =
Sessions (14 Prafiler |:::||J|:|:||J|: r'-"lE:r|'||:|:||:|':,-' Tahble |:|
® Synchronous / Asynchronous pErerrrGe Sev—
= Device_0 Methad #Calls ""jr“l;'t:.,rr';__'f;' =128
Conkexk_0 St
makrix_size_2045 1 memcpyDioH 201 4

M emo ry t rans f ers I VAS (b yt ES) = Device 2 memcpyDioH

C IZIEtE::-::l:_I:I

matrix_size_4096 3 memcpyHeoD

= Device_0

 Conkext 0 4 memcpyHtoDr 2

Stream ID

11
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NVIDIA

CUDA Visual Profiler T data analysis views

AViews:

ASummary table

AKernel table

AMemcpy table
ASummary plot

AGPU Time Height plot
AGPU Time Width plot
AProfiler counter plot
AProfiler table column plot
AMulti-device plot
AMulti-stream plot

Summary Plot

AAnalyze profiler counters

AAnalyze kernel occupancy
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CUDA Visual Profiler i Misc. <X

nVIDIA

Comparison Summary Plot

Multiple sessions

Compare views for different
sessions
memcpyDboH I:; 1 ;:I

* Profiler projects 1 save & load

Import/Export profiler data
(.CSV format)

Total of : GPU Ousec
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NVIDIA ParalleNsight <3

NVIDIA

¢cKS AYRddzZAUOUNB Q& mMald 5SSt 2LIVS
massively paralleapplications

AcceleratesGPU + CPU
application development

CompleteVisual Studieintegrated
development environment

PARTNER

14



nVIDIA

i »,
Parallel Nsight 1.0 <3

Nsight Parallel Debugger

GPU source code debugging
Variable & memory inspection

Nsight Analyzer

Platform-level Analysis
For the CPU and GPU

Nsight Graphics Inspector

Visualize and debug graphics content




Source Debugging <X

nvIiDIA

Supports CUDA C and HLSL (Direct3D Shading Language)

effect.fx2  Main.cpp! State Viewer

Hardwarebreakpoints iionibes - o friivers:

= Dxffffffff, pStackHigh;

N LEVELS — 1)

— =1 =

GPUmemoryand variableviews | floaw fDiag = (fioat) (1 << ilevel.z)s |

Nsightmenuandtoolbars
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Parallel Nsight IDE - Debugging

s Nexus CUDA Samples.90 (Debugging) - Microsoft Visual Studio (Administrator)

nVIDIA

File Edit View Project Build Debug Nexus Tools Test Window Help
ERN=N" N~ NP RN debug Win3 4 dvbo_buffer - | ool R B - @ UDA (0,00), (0,0,0)| -
> Hee % | @ - (0 & b A : J & & Ll

Process: [4560] GPU - matrixMul.e = Thread: [2772376] <Mo Name> = W Stack Frame: Module: 60956632 - [0] _Z9n ~ 5

Solution Explorer - matrixMul -1x matrixMul_kernel.cu MNexus CUDA Device Summary

=] C' = 1 th k = MName
_j Selution 'Nexus CUDA Samples80° (3 projects) .
=8 :,”3 matrixMul
- [ inc
= L5 sre

| matrcMul.cu

Devices
E DewviceD
+= aStep, b += bStep) { E Device 1
Context 2772376 Device 0
1 ! u i+ Module 60956632 c/ProgramData/NVIDIA Nexus 1.0/Samples/CUDA/Debug
o : Gnd _Z9matrixMul PfS_S_ii<<<(8.5).(16.16.1), 0===
i Block0 ‘Warp Mask: 0x000000FF
Warmp 0 Active Mask: 0xFFFFFFFF, PC: 0x000703E8, matrixMul_k
Warp 1 Active Mask: 0xFFFFFFFF, PC: 0x000703E8.
Warp 2 Active Mask: 0xFFFFFFFF. PC: 0xD00703E8.
Warp 3 Active Mask: 0xFFFFFFFF, PC: 0x000703E8.
Warp 4 Active Mask: 0xFFFFFFFF, PC: 0x000703E8.
Warp 5 Active Mask: 0xFFFFFFFF. PC: 0x000703E8.
Warp 6 Active Mask: 0xFFFFFFFF, PC: 0x000703E8.
Warp 7 Active Mask: 0xFFFFFFFF, PC: 0x000703E8.

@', NVIDIA Nexus - CUDA Focus Picker

Dimensions

Block:
Thread:

i) Examples

#1209 for block index 129
10 for coordinates 10, 0
10, 5 for coordinates 10, 5

0K | | Cancel |

b

_-jSqution Explorer |53 C E
:3

Locals * || Memory 1 + 1 x

MName Value Address: 000000024 {#} | Columns: Auto -
# blockDim =16y=16z=1} const dim3 3c e3 £ 5 7f eéMridfior. i.>. |ArlgS?.
# aridDim x=8y=5z=1 const dim3 £ 97 £ 3 = = £ =77 7. A, 3
4 As 0x00000024 {{0.20108646, 0.23432112, 0.2616657, 0.13860439, ...}, {0.8812524: float[16][16] _ shared ad
H @ [0 0x00000024 4{0.20108646, 0.23432112, 0.2616657, 0. 18860439, .. float[16] _shared__ 3
5 @ [1] 0x00000064 {0.83125247, 0.21982482, 0.15710929, 0. 15753655, ...} float[16] _shared__ 43
5 @ [2] 0x000000a4 {0.55427718, 0. 1802118, 0. 76695068, 0.56581318, ...} float[16] _shared__ 7S 24
5 @ [3] 0x000000e4 {0.60716575, 0.673513, 0.25108584, 0.37244788, ...} float[16] __shared__ 3=
s Bs 0x00000424 {{0.80645162, 0.41080967, 0. 12955107, 0.26792198, ...}, {0.179754( float[16][15] _ shared__

10
af
10
! 15
/ by ) 7E 3f 3f
4 tw n 7 3b ee £fb 76 3f Zf 7 £ £ £ : AE7H.A>it
Autos JfﬂLucals 15} Threads |[#&] Modules Natc =] Memery1 ;;'J':eIISte-:I-'. jBrEaI-'.r:cint: =] Qutput _f}PEmIinq Chec

Ready Ln110




Analysis

View a correlated trace timeline with both CPU and GPU events.

OE & O

= Processes

smokeParticles.exe [607 2]
Thread 34.9% [6328]

Thread State

Function Calls TN
Thread 0.19% [7680]
Thread 0.0% [7496]
Thread 0.0%% [4564]
= CUDA
+ Context O
= Context 1 [0]
Driver API [W— cuGLUnmap BufferObjectAsync
Memory

= Compute e e e .-
0.1% [115] radixSortBlocks B B G B B B B &
0.0% 1141 reorderData - e [ e [ e

Ul 70 (40 ) Milegil ale

+ 0.0% [115] findRadixOffs
+ 0.0% [115] vectorAddUniform<d
0.0% [15] calcDepthD
+ Counters
+ OpeniGL

= System

= CPU %

CoreQ

Core 1




